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(54) THIN FILM CAPACITOR 

(57)Abstract: 

PURPOSE: To provide a thin film capacitor in which a 
polarizing direction of a ferroelectric film is inverted to be 
switched to vary a switching time in the capacitor using the film. 

CONSTITUTION: The thin film capacitor comprises a first 
capacitor A having electrodes 3 formed on both side surfaces of 
a ferroelectric film 1 and an auxiliary second capacitor B so 
formed as to surround the periphery of the capacitor A in such a aita^* a- - 
manner that a switching time of the capacitor A is regulated by 
an electric field applied to the capacitor B. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Strial Application] this invention relates to the thin film capacitor which used the ferroelectric film used for 
a memory device etc In more detail, when the voltage impression from the outs.de performs polarization 
reversal it is related with the thin film capacitor which can change the switching time of polarization reversal 

[Siphon of the Prior Art] Conventionally, the thin film capacitor which used the ferroelectric film is used as 
a storage element using the remanence. A representative circuit schematic shows o drawing 9 , and the cross 
section of structure shows an example used as such a storage element to drawing 10. 

0003 these drawings - setting - . 2 - a ferroelectric film and 13 - a lower electrode and 14 - tor an insu ato. 
aver and 17 as for aluminum wiring film and 19, an insulator layer and 18 are [ a diffusion layer and 5 / a 
a", e ct ode nd° , 6 / a field oxide film and 20 ] up electrodes between the 2nd layer between the 1 st aver The 
storag element of this structure is what connected with one transistor 22 one capacitor 2 1 constituted by the 
Sectric film 12, the lower electrode 13, and the up electrode 20, and if the voltage large enough which 
exceeded positive or negative anti-electric field to the capacitor 21 is impressed, a positive or negative 
remanence will be produced with the property of the hysteres.s of a ferroelectric. The information which 
produced the remanence can be read by impressing a polar fixed voltage pulse to the capacitor 2 1 which this 
remanence produced. 

[Pmblem(s) to be Solved by the Invention] However, generally the switching time of polarization reversal of 
this ferroelectric film capacitor is [0005], 
[Equation 1] ^ 

t s =toexp(— ) ttlit t s =kE" n 



[0006] It is come out and given Here, alpha is [ a constant and E ot activation electric field t0, k and n ] 
electric fields Therefore, if the electric field to impress are not changed ,n order to change the switching time, 
bv the same sample, there is a problem of the ability not to make it change. 

[0007] On the other hand, in order to carry out high-speed operation of the memory, there is a case where he 
wants to make the switching time of a ferroelectric capacitor accelerated more. 

0008] this Invention aims at offenng the thin film capacitor which used the ferroe ectnc film to which the 
switching time can be changed, without changing the voltage impressed between the two electrodes ot a 
capacitor in view of such a situation. 

[Es for Solving the Problem] The thin film capacitor by this invention is characterized b> . the bird clapper 
from the 2nd auxiliary capacitor which consists of the 1st capacitor which consists ot a ferroelectric f ,1m and an 
electrode formed in both sides of this ferroelectric film, respectively, and an electrode formed m both ide> ot 
the aforementioned ferroelectric film, respectively so that the circumference ot this 1st capacitor might be 
surrounded. 

Hon] So that this capacitor may be surrounded around the capacitor which consists of electrodes formed in 
both sides of a ferroelectric film according to this invention Since it is considering as the composit.on which the 



2nd capacitor further for assistance is formed and can impress electric field independent also of this 2nd 
capacitor, By adjusting the size of the electric field of the 2nd capacitor for this assistance, and polarity, the 
switching time of the 1st capacitor used as an original capacitor can be changed. 

[001 1] namely, the case where "upward" polarization of the 2nd capacitor for assistance acts also on the 1st 
capacitor, and promotes "upward" reversal of the 1st capacitor, and reversal time does not have the 2nd 
capacitor' when the direction of polarization of the 2nd capacitor for assistance is turned "upward" and the 
direction of polarization of the 1st capacitor is reversed "upward" from "facing down" - comparing - short - 
**** __ ** 

[0012] Moreover, if the direction of polarization of the 2nd capacitor for assistance is turned "upward" and the 

direction of polarization of the 1st capacitor is reversed "downward" from "facing up", it will work in the 

direction in which "upward" polarization of the 2nd capacitor bars "downward" reversal of the 1st capacitor, 

and reversal time will become long as compared with the case where there is no 2nd capacitor. 

[0013] Moreover, change of the reversal time of this 1st capacitor is changed according to the applied voltage ot 

the 2nd capacitor, and it deals in it. Namely, if a ferroelectric film impresses more than a certain voltage. 

although saturated, between low voltage, applied voltage and the size of polarization will change-like 

proportionally, and, as for the amount of polarization, the switching time of polarization reversal of the 1st 

capacitor will be influenced according to the grade of polarization of the 2nd capacitor. 

[0014] Therefore, the size of voltage and polarity which are impressed between the two electrodes ot the 2nd 

capacitor can adjust the switching time of an original capacitor freely. 

[Example] Based on a drawing, this invention is explained below. Drawing 1 is flat-surface explanatory 
drawing of the thin film capacitor which is one example of this invention, and drawing 2 is the cross section In 
these drawings, 1 is the ferroelectric film of PZT (PbZrl-x Tix 03), on the other hand, the electrode formed in 
both sides of the ferroelectric film 1 comes out of 2, and a certain lower electrode and 3 are 1st up electrode 
which is the electrode of another side. 4 is the 2nd up electrode formed so that the circumference of the 1st up 
electrode 3 might be surrounded, and constitutes the 2nd capacitor B between the lower electrodes 2 through the 
ferroelectric film 1. 

[001 6] That is since the lower electrode which constitutes the 2nd capacitor B from this example is 
continuously formed with the lower electrode 2 of the 1st capacitor A, it turns into a common lower electrode of 
both capacitors. 

[0017] The electrode of this 1st capacitor A and the 2nd capacitor B may form both separately, and may shaie 
only an electrode like this example in while. However, in order to form the 2nd capacitor B, one [ at least ] 
electrode of the 2nd capacitor B must be formed independently of the electrode of the 1st capacitor A 
[0018] Polarization only of the portion to which electric field were impressed by the electrode by which the 
ferroelectric film 1 was formed in the both sides is carried out, and even if polarization of the portion without an 
electrode is not carried out since electric field are not impressed, but the ferroelectric film 1 is formed widely, 
the portion in which the electrode is not formed does not influence at all. Moreover, the portion which only the 
area of the ferroelectric film 1 of the portion in which the up electrodes 3 and 4 were formed also in the above- 
mentioned example since it begins when an electrode is formed in both sides of the ferroelectric film 1 and 
voltage is impressed, and electric field were impressed to the ferroelectric film 1 and electric field were not 
impressed only by one electrode operates as a capacitor, and does not have one electrode does not serve as a 
capacitor 

[0019] On the other hand, the 1st capacitor A and the 2nd capacitor B approach very much, it is formed, and a 
surrounding polarization state influences polarization reversal of the 1st capacitor A. Therefore, when the 
direction of polarization of the 2nd capacitor B is "upward" and it reverses polarization of the 1st capacitor A 
"upward" from "facing down", it is dragged in the direction of polarization of the 2nd capacitor B, and 
switching-time t becomes small compared with the switching time tso in case there is no 2nd capacitor 
[0020] Moreover, conversely, the direction of polarization of the 2nd capacitor B is barred by polarization ot 
the circumference which is the 2nd capacitor B when reversing the direction of polarization of the 1st capacitor 
A "downward" from "facing up" in the "upward" state, and switching-time t becomes larger than the switching 
time tso in case there is no 2nd capacitor B. If the above relation is summarized [ include ] when the direction ot 
polarization of the 2nd capacitor B is "downward", it will become as it is shown in Table 1 
[0021] 
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[00221 Below an example of the process of this thin film capacitor is explained. Drawing .3 -5 are drawing 
explaining the manufacturing process of the thin film capacitor which is one example of this invention. 
r00?31 First as shown in drawing 3 , about 900 ** and thermal oxidation for about 90 minutes are performed to 
the silicon semiconductor substrate 5, about 3000A silicon-dioxide film 6 is formed, and the deposition ot about 
3000A of the platinum metal membranes 7 which subsequently serve as the lower electrode 2 by the spatter is 
carried out This substrate is not limited to the silicon-dioxide film to ajilicon substrate, and can also form the 
metal membrane 7 which -servSastfie cBrecFTSwr electrode^ aflHsuIat.ng substrates, such as semiconductor 
substrates such as other silicon carbide and gallium arsennide, other insulator layers or glass, and ceramics 
[00241 Next as shown in drawing 4 , patterning of the pjatinunyngtal membrane 7 is earned out, and the lowe. 
electrode 2 is formed. This patterning is performed by carrying out a mask by the photoresist etc. and removing 
a garbage by ion milling etc. The deposition of about 5000A of the PZT(s) which are ferroelectric : material is 
carried out by the spatter after it. This method of forming PZT can also be formed by the MOCVD method, the 
sol gel process, etc also except a spatter Patterning of the PZT is carried out by the after mot .milling etc., a 
garbage is removed, and the ferroelectric film 1 is formed this ferroelectric material - PbTiO, other than PZT 
PLZT (Pbl-x Lax) (Zrl-y Tiy) (l-x/4 03) etc. - although useful is carried out since spontaneous polarization is 
large, other ferroelectric material is sufficient , 
[00251 As shown in drawing below, the 2nd up electrode 4 which carries out the deposition ot about jOOOA ot 
the platinum meialmembranes further used as an up electrode by the spatter etc., carries out patterning by ion 
milliniTetc and turns into the 1st up electrode 3 of the 1st capacitor A and an up electrode of the 2nd capacitor 
is formed on the ferroelectric film 1 . Besides, as shown in drawing 1 , the configuration ot a section electrode is 
formed so that the 2nd up electrodes 4 may surround the circumference of the 1st up electrode 3, and it carries 
out patterning only of the electrode wiring portion of the 1st up electrode so that the 2nd up electrode may be 
cut 

r 0 0->61 Even when forming in continuation without being able to use other materials like [ a section electrode ] a 
lower electrode besides, and dividing a lower electrode into the object for 1st capac.tor A, and 2nd capacitor B 
and separating an up electrode, or separating and forming vertical two electrodes, it can form easily by earn ing 
out patterning of the material for electrode similarly. 

[00-771 The example of other configurations of the thin film capacitor by this invention is shown in drawing 6 - 
7 In drawing 6 it is a plan at the time of forming the electrode of the 1st capacitor A in a circle configuration, 
and forming a circle configuration capacitor, and can control with the yoltagejyhi^hjn^ the above- 
mentioned switching speed to the 2nd capacitor by fanrTTTigTTrtlielFape of a circular ring so that the 2nd up 
electrodes 4 which forms the 2nd capacitor B in this case may also surround the circumference of the 1 st up 
electrode 3 

[00^81 The structure shown in drawing 7 is the example which surrounded the circumference of the 1st up 
electrode 3 completely, and formed the 2nd up electrode 4 of the 2nd capacitor B, and is desirable in property, 
f of this gentleman ] In this case, it is necessary' to form separately the wiring film 9 of the 1st up electrode tor 
example" with an aluminum film etc., and the 1st up electrode 3 and contact 10 are taken, and by wiring through 
the layer insulation film 8, the portion which intersects the 2nd up electrode 4 can separate two electrodes 



electrically, and can take out two electrodes outside. Although drawing 7 shows the plan of only up electrode 
section, the cross section of actual structure comes to be shown in drawing 8 , and the wiring film 9 is wired in 
the layer insulation film 8 top, and is insulated in the 2nd up electrode 4 In addition, other signs put the same 
portion as drawing. 5 with drawing_8 . 
[0029] 

[Effect of the Invention] Since the 2nd capacitor is formed in the circumference of the conventional capacitor 
and it enables it to control the polarization state of the 2nd capacitor according to this invention as explained 
above, the switching speed of the 1st original capacitor can be adjusted freely, and it is very effective in respect 
of the high-speed operation of memory etc. 

[0030] Furthermore the 2nd capacitor by this invention only changes the mask of patterning at the time of 
electrode formation, and the number of processes does not increase, but its area just needs to increase slightly, 
and it is not ****** influenced in cost, but is effective in the ability to improve a switching characteristic 
sharply 



[Translation done.] 



